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Ecosystem Service Markets: Societal Payments to Farmers for a Healthier Environment 

Farmers implementing conservation-based or sustainable agriculture practice such as cover 
cropping, minimum tillage, or rotational grazing not only enhance soil health and long-term 
crop or forage production. They also provide numerous benefits to society. A healthy soil 
efficiently recycles nutrients and filters contaminants, thereby protecting ground and surface 
water quality. There is also substantial evidence that these practices can remove greenhouse 
gasses from the atmosphere and thus help mitigate against global climate change. Increasingly, 
environmentalists and economists are acknowledging that by increasing the health of the 
natural environment and its ecological systems, our individual and community health will also 
increase.  The ecological benefits conservation farming practices can provide to society are 
referred to as “ecosystem services.”  

Increasing industrial, municipal, as well as agricultural impacts on the environment have 
resulted in critical degradation of land and water resources as well as evident impacts of 
climate change. Policy makers, businesses, and other members of the public are recognizing 
that more resources need to be allocated towards environmental protection and remediation. 
While agricultural conservation practices are an effective means for providing ecosystem 
services, start-up costs for many of these practices often prohibit farmer adoption and thus 
decrease the amount of ecosystem services available to the public.  Fortunately, there is 
growing public interest and program development towards paying farmers to adopt practices 
that enhance various ecosystem services. 

What are Ecosystem Services? 

According to the Millennium Ecosystem Assessment, Ecosystem services are defined as “the 
benefits people derive from ecosystems”. Besides services or goods, such as food, provided 
directly, “plants, animals, fungi and micro-organisms provide essential regulation services such 
as pollination of crops, prevention of soil erosion, water purification, and a vast array of cultural 
services like recreation and a sense of place”.  The production of food and fiber is an obvious 
ecosystem service. But farmers can also provide ecosystem services by enhancing plant 
diversity necessary for pollinator and wildlife habitats, increasing soil health and soil cover to 
reduce wind and water erosion thus protecting 
air and water quality. Additionally, farmers can 
provide ecosystem services by returning plant 
and animal residues to the soil, thus increasing 
soil carbon sequestration and mitigating against 
global carbon change. Ecosystem services are 
important because they are indicators of the 
health of our ecosystems and ultimately our 
society as a whole. Our communities are 
invariably are part of the environment, rather 
than separate from it. When earth’s ecosystems 

Agricultural Ecosystem Services: 
Benefits provided to society from 
conservation agricultural practices: 

• Water quality protection 
• Conservation of water quantity 
• Carbon sequestration 
• Plant diversity for pollination 
• Temperature moderation 
• Aesthetic scenery 
• Wildlife diversity conservation 
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and their processes are functioning well, they provide benefits that are integral to humanity’s 
well-being. Our health is tied to the health of our ecosystems.  

How can farmers provide Ecosystem Services? 

While many farmers are already using farming or grazing practices that provide ecosystem 
services beneficial to society, barriers prevent other farmers from implementing agriculture 
practices that strengthen ecosystem services. A large factor is cost, whether that’s time, 
money, or other resources. Transitioning to sustainable agriculture practices requires taking 
time for education, practice, and field testing because the sustainable methods that provide 
ecosystem services may be out of a farmer’s typical management practices. Often, sustainable 
agriculture practices that lead to beneficial ecosystem services require purchasing new 
equipment or making adaptions to existing equipment. Examples include buying a roller 
crimper to terminate cover crops, adapting seed drills for no till planting, or installing 
temporary fences and watering systems for rotational grazing. Since agricultural practices that 
provide ecosystem services are based on ecosystem processes, often several years are needed 
between the adoption of a sustainable agricultural practice and sufficient changes to occur in 
the ecosystem for farmers to obtain economic benefits from practice implementation.  Farmers 
who rent land on a yearly basis often do not use no-till practices on rental land because they do 
not experience a return on investment until the second or third year. 

The Natural Resources Conservation Service (NRCS), and its former incarnation, the Soil 
Conservation Service, have been providing farmers with technical and economic assistance to 
implement soil and natural resource conservation practices since the time of the Dust Bowl. 
The role farmers can play in improving the 
health of our society is becoming 
increasingly evident. However, farmers 
need more economic assistance to 
overcome these barriers than the federal 
government can provide. This has resulted 
in an emergence of public and private 
programs to pay farmers to implement 
practices that enhance ecosystem services.   

 

 

 

 

 

Barriers to implementing ecosystem system 
service protecting agricultural practices 

• Limited financial resources 
• Lack of proper equipment 
• Rental land 
• Local soil and/or weather conditions 
• Market forces 
• Government policies 
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Ecosystem Services Provided by Agriculture 

Habitat Biodiversity 

Ecologically diversity enhances ecosystem 
and agronomic resilience. Farmers and 
ranchers can provide wildlife and 
pollinator habitats by setting aside 
portions of their land for conservation 
easements and protecting or creating 
riparian areas. Establishing a diversity of 
forbs, shrubs, trees, and flowering plants 
on farms benefit farmers and ranchers 
because ecological diversity enhances 
productivity in numerous ways from 
nutrient cycling to pest control. Animals, 
insects, and microorganisms native to 
each ecosystem serve a purpose, whether 
it be nutrient cycling, pollination, pest 
predation, or pathogen degradation. 
Agriculture “can also contribute to the 
conservation and sustainable use of 
biodiversity. Indeed, sustainable 
agriculture both promotes and is enhanced by biodiversity” (Convention on Biodiversity, date). 
Challenges to developing habitats for wildlife biodiversity include the cost of trees and other 
native plants, potential lost revenue when habitat areas are not used for harvestable crops, and 
the ecological knowledge to select appropriate species and arrange them in a way that mimics 
the ecology of the area.  

Soil Health  

Returning organic matter to the soil, growing a diversity of plants, and keeping the soil covered 
throughout the year are critical components for enhancing soil health. These factors prevent 
soil erosion while providing food and habitat to a vast food web of soil organisms responsible 
for organic matter decomposition, the formation of soil aggregates, and the degradation of 
contaminants. Increasing soil organic matter allows roots to grow more easily through the soil 
and for water, nutrients, and air move to the roots with limited restrictions. When soil 
organisms decompose organic matter, they release plant available nutrients into the soil while 
a coating of organic matter that soil organisms form over soil mineral particles allows the soil to 
hold nutrients and water better. 

But soil health does not just benefit crop and pasture production, it also provides many benefits 
to society. The ability of soil to hold nutrients that benefits plant growth also protects against 

Audubon Conservation Ranching 
Program. The National Audubon Society 
has created the Conservation Ranching 
Program; a market-based conservation 
program that offers incentives for good 
grassland management practices through 
a certification label on beef products. The 
label identifies that the product is 
“Audubon Certified” and that the cattle 
was grazed on bird friendly land. These 
good grassland management practices 
increase the biodiversity of rangelands 
and contribute to the health of the 
rangeland ecological system. By creating 
biodiverse rangelands through 
regenerative practices, ranchers can also 
create new, diverse market opportunities 
that include hunting, birding and eco-
tourism.  
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nutrients being transported by runoff or subsurface flow to water bodies causing pollution. 
Many of the same organisms involved in processes that make nutrients available to plants, also 
degrade contaminants, such as pesticides and agricultural antibiotics, or compete with human 
pathogens in the soil, such as Giardia and Cryptosporidium that cause intestinal problems. Soil 
aggregates not only allow for healthier root growth; these aggregates also hold or sequester 
carbon, thus mitigating against Global Climate Change. Aggregates and practices that keep the 
soil covered with plants or residues, protect against water and wind erosion, thereby 
safeguarding water and air quality, preventing sedimentation in water bodies, and reducing 
particulate matter in the air. 

Water Quality and Quantity 

Having clean water supplies is important, not just for our health but for the health of our 
agricultural systems and technologies we rely on. Unpolluted rivers, streams, lakes, and 
reservoirs are needed to provide clean 
drinking water for people and animals, 
a healthy habitat for aquatic animals, 
and efficient energy production. 
Sustainable agriculture systems protect 
water quality by controlling soil erosion, 
reducing or eliminating pesticide use, 
applying animal waste and other 
fertilizers according to crop needs, protecting against runoff pollution, and creating riparian 
buffers. Pesticide and nutrient runoff can be reduced by using more diverse cropping systems, 
including cover crops, and keeping the soil surface covered throughout the year. Cover crops, 
no-till practices, and managed grazing reduce the potential for soil erosion and thus protect 
against nutrients and sediments contaminating water bodies.  

Sustainable agriculture practices also help conserve water quantity by enhancing the ability of 
soil to hold water for plant uptake and increase the amount of water that can infiltrate the soil 
and be held as ground water, such as in an aquifer system. During times of drought, this results 
in higher yields in fields that are not irrigated and in less demand for irrigation water use in 
irrigated fields.  

Air Quality  

Sustainable agriculture practices protect air quality by reducing wind erosion, providing odor 
buffers, and minimizing the formation of gases that contribute to global climate change.  Tree 
windbreaks reduce wind erosion and air pollution by slowing winds, catching sediments, and 
removing particulate matter from the air, such as ash from burning fields or smog from urban 
pollution. Agroforestry methods such as tree belt windbreaks can act as buffers around 
industrial livestock areas to reduce unpleasant smells. These tree buffers can also be used in 
urban and peri-urban settings, such as around mining sites or landfills. 

Sustainable agriculture practices 
protect water quality by controlling soil 
erosion, reducing or eliminating pesticide 
use, applying fertilizers and manure in the 
correct amount and at the right time, and 
protecting riparian buffers. 
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When applied in excess or on wet soils, nitrogen fertilizers and manure can be converted by soil 
organisms in nitrous oxide, a potent greenhouse gas. Using organic and sustainable crop 
production methods that have a diverse mix of crops and minimal use of synthetic nitrogen 
fertilizers will minimize the release of this greenhouse gas.  

Methane releases from animal agricultural operations can be minimized when manure is either 
used for energy production in anaerobic digesters, transformed into biochar, or composted. 
Using pasture-based managed grazing 
practices can also reduce emissions of this 
greenhouse gas. In Arkansas and Louisiana, 
carefully controlling the amount of water in 
rice paddies has substantially reduced releases 
of methane and nitrous oxide.  

Lastly, agriculture releases carbon dioxide 
through the operation of farm equipment that 
runs on gas or diesel. No-till or minimum till 
cropping practices require fewer passes by 
equipment across fields, thereby reducing fuel 
and equipment maintenance costs while also 
reducing the release of carbon dioxide into 
the atmosphere.  

Carbon Sequestration  

A major way for farmers to provide ecosystem services to society is through soil carbon 
sequestration. Some organic residues, instead of decomposing and releasing carbon dioxide 
back to the atmosphere, are encased within soil aggregates. Carbon stored as organic matter in 

forms that are not subject to 
decomposition is referred as being 
“sequestered.”  This sequestered 
carbon helps reduce global climate 
change.  Soil carbon sequestration 
can provide several important 
ecosystem services. Soil aggregate 
formation is enhanced by healthy 
root growth and associated 

mycorrhizae, reduced tillage, and returning plant stalks and other “woody” residues to the soil 
surface.  The same factors that cause greater carbon sequestration also provide cleaner air and 
water, increase the water holding capacity of soils, and increase the overall health of 
agricultural soils.   

Conservation agricultural practices can 
protect air quality 

• Wind breaks to reduce soil erosion 
• Odor barriers around manure lagoons 
• Correct timing and application rate of 

manure and nitrogen fertilizers to 
reduce nitrous oxide release 

• Proper soil drainage, irrigation practices, 
and manure management to reduce 
methane production 

• Return of organic matter to soil and no-
till practices to enhance soil carbon 
sequestration 

Soil health and soil carbon sequestration are 
closely related. Both rely on an increase of soil 
organic matter and enhanced soil aggregation.  
Organic matter inside of soil aggregates is 
protected from organisms involved in 
decomposition. The outside of soil aggregates 
binds soil nutrients against leaching and holds 
soil water. 
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Forestry, woodlands, tree belts, riparian buffers, and silvopastoral systems are also effective in 
sequestering carbon. This is because trees are perennial and thus build up and retain carbon as 
part of their wood and roots. Conservation reserve areas, prairie restoration practices, and well 
managed pastures and ranges are also perennial and able sequester carbon. However, most of 
the carbon sequestration in these systems occurs below ground since root systems are not as 
subject to annual death and decomposition as are the above-ground portions of forbs and 
grasses.  

Society Payments for Ecosystem Services 

Farmers and ranchers using 
sustainable agricultural 
practices can provide many 
environmental services that 
benefit the larger society- 
protecting water and air 
quality, sequestering 
carbon, and providing 
habitats for wildlife, 
pollinators, and the vast 
variety of organisms in the 
soil food web. Yet, in most 
cases society does not 
compensate agricultural producers for these services. Instead, many policies and economic 
markets encourage the use of practices that provide the highest yield in the shortest amount of 
time; practices that tend not to take the impact on the environment into account.  

NRCS 

The United States Department of Agriculture Natural Resources Conservation Service (NRCS) 
was initially focused primarily on reducing soil erosion. The NRCS now provides farmers and 
ranchers with technical assistance and cost-share economic assistance to implement a broad 
range of conservation practices through their Environmental Quality Incentives Program (EQIP). 
Farmers and ranchers who sign up for EQIP are provided financial resources and one-on-one 
help to plan and implement conservation practices. Popular practices implemented under EQIP 
include cover cropping, no-till planting, prescribed grazing, and water-conserving irrigation 
systems.  Farmers wanting to enroll in EQIP need to contact their local NRCS office. An NRCS 
conservationist, using computer maps and farm visits, will identify the farmer’s interests and 
the natural resource conditions of the farm. Based on this information, NRCS conservationists 
will work with farmers to identify conservation improvement options to install and then 
calculate payments to be provided through EQIP and the farmer’s costs for practice 
implementation. 

Farmers are primarily responsible for paying the 
costs for sustainable farming practices that 
provide society with numerous ecosystem 
services.   

While NRCS has assisted numerous farmers 
implement conservation practices, this program does 
not have the funds or ability to assist all farmers.  

Carbon trading programs, water quality trading 
programs, and ecosystem services markets may 
provide farmers with alternative incentives for 
implementing these practices in the future. 
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NRCS also manages the Conservation Stewardship Program (CSP), which helps farmers build 
upon existing conservation efforts on working lands. CSP is “the largest conservation program 
in the United States with more than 70 million acres of productive agricultural and forest land 
enrolled in CSP” (USDA NRCS). This program provides farmers with modest payments for 
implementing woodland management, prairie restoration, adopting sustainable crop 
management and livestock methods, or wildlife habitat practices that can provide important 
benefits to society. These practices also improve cattle gains per acre, increase crop yields, 
decrease inputs, and create better resilience to weather extremes (USDA NRCS).  

While NRCS activities to help producers implement conservation practices on working 
agricultural lands have benefited society and the broader ecosystem, federal funds available 
from the NRCS are insufficient to assist all farmers and ranchers looking to implement 
conservation practices.  

Emerging Ecosystems Services Marketing Programs 

As population growth puts growing demands on natural resources, environmentalists, 
economists, business managers, policy makers and others have increasingly recognized the 
need to protect water quality, air quality, soil health, and natural biodiversity. Also, as global 
climate change impacts are increasingly apparent, the public demand for practices to mitigate 
against these impacts has intensified. These perceptions have prompted the development of 
various ecosystems services market programs. Ecosystem service market programs charge 
natural resource users and then use these payments to provide incentives to agricultural 
producers, foresters, businesses, and others who implement practices that protect natural 
resources.  

Currently, ecosystem services marketing programs fit into three broad categories: carbon 
markets, water quality trading markets, and comprehensive ecosystem services marketing 
programs. Specific characteristics of these program vary, as will be discussed below. However, 
common characteristics of these programs are:  

• a coordinating organization, either governmental or private sector 
• defined detrimental environmental impacts 
• defined beneficial environmental impacts 
• criteria for assessing or verifying the amount of detrimental or beneficial impact 
• verifying organizations responsible for conducting measurements and documenting the 

detrimental or beneficial impacts 
• a process for determining the value of various detrimental or beneficial impacts  

The trading component of these programs refers to trading environmental degradation impacts 
from point sources for environmental beneficial impacts from non-point sources. Point source 
pollution is pollution that comes out of a pipe, such as from a water quality treatment plant, a 
power plant, or a factory. Non-point source is pollution that moves from a field or urbanized 
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area into a water body through runoff, erosion, or subsurface flow. Payments that farmers and 
ranchers can obtain from these markets typically depends on the amount of verified 
environmental benefits from conservation practices coupled with the value of the verified 
benefits minus the cost of the verification and coordination processes 

Carbon trading programs.  Carbon markets provide incentives for reducing the potential for 
global climate change by either sequestering carbon or reducing the amount of carbon dioxide, 
methane, or nitrous oxide produced in agricultural or business operations. Companies that are 
point sources for greenhouse gases (GHG), such as coal or oil-fired power plants, factories, or 
transportation businesses are encouraged to implement practices to reduce their use of fossil 
fuels and emissions of GHG.  They are charged a fee or credit for every megaton of carbon 
dioxide or other greenhouse gases, 
such as nitrous oxide and methane, 
produced over a specified baseline. 
Farmers and businesses that 
sequester carbon or implement 
non-point source practices that 
reduce the production of GHG, such 
as soil conservation practices or the 
installation of solar panels, are paid credits for the megatons of carbon dioxide they sequester 
or prevent.  

The Chicago Carbon Market was the first U.S. voluntary GHG trading program. Founded in 2003, 
this market was discontinued in 2010 due to the low price being paid for each megaton of 
carbon.  Due to the relatively small amount of GHG reductions produced by each farm 
compared to the relatively large amount of GHG emissions produced by each energy or 
transportation company, credits from several farms needed to be aggregated prior to being 
exchanged on the market. The cost of aggregation further decreased the ecosystem service 
payments available to agricultural producers. 

Cap and trade 
programs are 
regulated programs 
where the government 
caps the amount of 
GHG that companies 
are permitted to 
produce each year. If 
businesses exceed this 
amount, they must 
purchase carbon 
credits for each ton of GHG they emit. Farmers and others that reduce the production of GHG 

The nonprofit organization National Resources Defense 
Council (NRDC) determined the following practices were 
effective in reducing GHG production.  

• Regulating irrigation practices in rice produce 
reduced methane emissions 

• Applying the correct amount of nitrogen fertilizer at 
the right time reduced nitrous oxide emissions 

• Returning compost to grasslands enhances soil 
carbon sequestration 

Coordination and management of carbon 
trading programs can be regulatory or voluntary.  

The cost of each credit represents the current 
“societal. value” for each ton of GHG, which 
fluctuates according to supply and demand for 
these credits. 
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are paid from these credits. There are two cap and trade programs in the US. The Regional 
Greenhouse Gas Initiative encompasses ten northeastern and mid-Atlantic states and only 
works with electricity generators. The Western Climate Initiative includes seven western states 
and four Canadian provinces. Of these, California has the most developed program and the only 
program that provides carbon credits to farmers through a process called “offset markets.” Due 
to the need for verification criteria, these offset market programs are only available for rice 
farming, agroforestry, sustainable grassland management, and methane capture and 
destruction at dairy facilities. As with the Chicago Carbon Exchange, the effectiveness of this 
market on providing farmers with incentives for implementing conservation practices has been 
limited do to the low value of carbon credits combined with the high cost of verification. 

Policy makers and businesses are increasingly discussing and developing new methods for 
reducing GHG emissions from a national carbon tax to sustainable product recognition for 
companies involved in GHG reductions and carbon markets. In 2017, over 1,300 companies – 
including more than 100 
Fortune Global 500 
companies with collective 
annual revenue of US $7 
trillion were using internal 
carbon pricing to inform 
their decision making. 
(State and Trends of Carbon 
Pricing 2018, World Bank). 
Companies not only use 
internal carbon pricing to 
manage “potential climate-
related risks” but also to 
improve cohesion between 
finance and sustainability 
departments in their companies. 

Water quality trading programs typically involve waste water treatment plants, energy 
companies that use hydropower, or various industries that release treated water into a lake, 
river, or reservoir as point sources.  These entities seek to reduce through management 
practices or new technologies the amount of water pollution they produce. As they work 
towards these reductions, they pay fees or credits for the level of pollution they produce over a 
designated level. Farmers, ranchers, and other land managers can obtain credit payments for 
reducing water quality impacts by implementing land use practices that reduce non-point 
source water pollution due to runoff, erosion, or movement of contaminants through 
groundwater to streams 

Currently, the greatest barriers to the success of ecosystem 
service marketing programs are  

• the price paid for environmental benefits   
• cost-effective verification methods and programs 

An innovative multi-agency program in Arkansas provided rice 
farmers with “carbon credit” payments for irrigation 
management practices that reduced the emission of the 
greenhouse gases nitrous oxide and methane from their fields. 
However, due to the low economic value for the credits and 
costs charged by the program verifiers, the payments received 
by the participating farmers, was “about enough to buy a cup 
of coffee.” 
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As of 2015, fifteen states had enacted legislative authority to establish water quality trading 
(WQT) programs. Within these states, several successful watershed-based WQT programs have 
been implemented. The scope and extent of these programs range from local, focused on a 
specific industry, such as the Southern Minnesota Beet Sugar Cooperative permit, to multi-state 
and multiagency WQT programs such as the Ohio River Basin Water Quality Trading Project. 
These programs collaborate and share information through the National Network on Water 
Quality Trading, a partnership of public agencies and private sector businesses and nonprofit 
organizations (http://willamettepartnership.org/water-quality-trading/national-network/). 

While the regulatory structure for WQT programs varies from state to state, most programs are 
implemented as environmental cap-and-trade markets that put a pollution cap on water for 
various forms of pollutants, primarily temperature, phosphorus, and nitrogen. Pollution caps 
are typically calculated on a particle measurement standard known as the “total maximum daily 
load” (TMDL) or the chemical content of the water source measured in a water source such as a 
lake, stream, or river. Some water programs focus on one pollutant type while others cover 
multiple pollutants. Temperature regulation is important since many species of fish and other 
aquatic life are sensitive to high temperatures. Phosphorus and nitrogen can lead to water 
eutrophication, or the excessive growth of oxygen-depleting algae in water. When nutrient-rich 
water moves downstream to the ocean, “dead zones” form where lack of oxygen prohibits the 
growth of most fish. which can lead to water poisoning over time.  

Currently, only a limited number of water quality trading programs involve the agricultural 
sector. This lack of inclusion of the agricultural sectors results from the perceived difficulty of 
verifying water quality impacts of agricultural conservation programs and choices made by 
point source polluters to make improvements in their practices rather than pay for pollution 
credits.  

Two successful water quality trading programs that provide benefits to farmers are the 
Chesapeake Bay Regional Water Quality Trading Program (CBRWQTP) and the Great Miami 
Watershed Trading Pilot Program (GMWTPP). The CBRWQTP is designed to reduce pollution in 
the Chesapeake Bay, a major tourist and clamming location. This watershed spans over multiple 
states in northeastern United States. The CBRWQTP requires regulated facilities, including 
Confined Animal Feeding Operation (CAFO) farmers, in the watershed to “reduce pollution 
more than is legally required and to sell such additional reductions as credits to other 
businesses, facilities, and local municipalities so they can meet their reduction requirements” 
(CBF, 2018). Non-regulated entities, including farmers and ranchers, can participate and obtain 
compensation for the implementation of conservation practices that reduce water pollution. 

Different from most other WQT programs, the 
CBRWQTP operates as a charitable partnership, 
not as a cap and trade program. Rather than 
charging entities for excess amounts of 
pollutants released into the watershed, this 

Farmer success stories from the 
Chesapeake Bay can be found at: 

https://www.cbf.org/blogs/save-the-
bay/farmer-success-stories.html 
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partnership relies on contributions from local businesses and corporations including The 
Hershey Company, Lockheed Martin, Northrop Grumman, and the Port of Virginia. These 
businesses support the Chesapeake Bay Foundation due to its reputation as the region’s most 
effective conservation group, its business accountability, and high consumer interest in 
supporting companies that take responsibility for protecting the environment.   

The GMWTPP, developed in 
2005, serves the Greater 
Miami Watershed in 
southwestern Ohio. This 
program involves both point 
source wastewater treatment 
facilities and nonpoint source 
farmers and ranchers as 
potential sources of water 
pollution. However, unlike other programs that involve credit trades between point source 
polluters and nonpoint source agricultural operations installing conservation practices to 
reduce pollution, this program provides funding to local Soil and Water Conservation Districts. 
These programs then work with farmers to implement conservation practices on farms. 

Ecosystem Services Markets.  Ecosystem services markets (ESM) differ from carbon and water 
quality trading programs by covering more than a single ecosystem service. The New York City 
Watershed Program was one of the first major ESMs. Due to enhanced drinking water 
standards, New York City was facing the need to construct new, very expensive water quality 
treatment facilities. However, it was able to obtain a waiver from the US Environmental 
Protection Agency on constructing these facilities by instead providing funding to water quality 
treatment plant managers and farmers in the watershed to implement practices to protect 
water quality.  

The Ecosystem Services Market Consortium (ESMC) is an innovative, private sector program 
that was officially launched in February 2019. Working in conjunction with the Soil Health 
Institute, this consortium is focused primarily on working with farmers and ranchers as they 
implement conservation practices on their land. Initially supported by the Nobel Research 
Institute LLC, eleven private sector companies and nonprofit organizations are now members of 
ESMC’s Founding Circle. These entities include ADM, Cargill, General Mills, Mars, McDonald’s 
USA, and the Nature Conservancy.  To start the ESMC will primarily promote conservation 
management practices to improve soil health, reduce GHG emissions, improve related water 
quality, and reduce water use. In the future, it plans to also promote practices that enhance 
biodiversity and pollinator habitat. In 2019, program activities will be pilot tested on 50,000 
acres of rangeland and farmland in Texas and Oklahoma. By 2022, the program intends to 
encompass all major agricultural production systems and geographies in the United States. 

A report by the Miami Conservation District estimated 
that on average, point sources would pay $23.37 to 
reduce one pound of phosphorus with biological 
nutrient removal compared to $1.08 for agriculture with 
conservation practices.  

For nitrogen, point source unit costs were $4.72/pound 
compared to $0.45/pound for agriculture. 
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Practices and criteria for Ecosystem Services from Agriculture 

Best Management Practices 

Assessments of environmental non-
point source pollution degradation from 
farming and ranching are much more 
difficult to conduct and verify than are 
assessments from point sources of 
pollution. Pollution from a waste water 
treatment plant can be measured by 
assessing the nutrients and other contaminants in the solution coming out of a pipe and then 
multiplying that by the rate of flow. However, nutrients and other contaminants move off a 
farm field through groundwater, ephemeral streams, and overland flow that cannot be 
monitored at a single location. Also, transport of non-point source pollutants is highly weather 
dependent with limited transport occurring during droughts and excessive transport occurring 
during floods. Due to these complications, the environmental impacts from agricultural 
practices are typically determined indirectly, through the implementation and assessment of 
conservation agricultural practices, commonly referred to as best management practices 
(BMPs).  Often, environmental benefits are most effective when two or more BMPs are 
implemented on the same field. For example, to reduce nutrient runoff and erosion from a 
sloping field, a dairy farmer may implement nutrient management (590), Contour Farming 
(330), Cover Crop (340), No-till/Strip Till (329), and Riparian Herbaceous Cover (390). 
Implemented together, these practices will enhance soil carbon sequestration, reduce GHG 
emissions, and protect water quality.  

Programs and Models 

To effectively determine the potential for BMP implementation to provide ecosystem services, 
these practices must be analyzed within the context of local landscape characteristics, soil 
conditions, climate, and associated management practices. In addition, water quality impacts 
across the watershed requires an integrated assessment of practices being implemented on all 
farm field within the watershed.  Various computer models have been developed to analyze 
these interactions.  

COMET-Farm (http://cometfarm.nrel.colostate.edu/) 

Developed by researchers at Colorado State University with support from the USDA NRCS, 
COMET-Farm is a whole farm and ranch carbon and greenhouse gas accounting system. This 
interactive web-based tool allows users to locate their farm on a map to provide access to soil, 
terrain, and climate information and then enter detailed information about past and future 
cropping, tillage, and nutrient management practices. Based on this information, this program 
can calculate potential carbon sequestration as well as carbon dioxide, methane, and nitrous 

Criteria for the implementation and 
management of BMPs have been developed 
by NRCS State Program Offices and are 
available on the NRCS website through the 
Field Office Technical Guide (FOTG) 
(https://efotg.sc.egov.usda.gov/#/). 
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oxide emissions. In addition to assessing these factors for crop and pasture production, this tool 
can also estimate GHG emissions from livestock manure and rumination as well as emissions 
from the use of tractors, trucks, and other vehicles or equipment used in the farming 
operations. By adjusting their 
prospective inputs for future 
management practices, 
agricultural producers can 
determine how they may modify 
their operations to reduce their 
carbon footprint. 

DeNitrification and 
DeComposition (DNDC)   
(http://www.dndc.sr.unh.edu/) 

Developed by researchers at the University of New Hampshire, the DNDC model is a computer 
simulation model of carbon and nitrogen biogeochemistry in agroecosystems.  It consists of two 
components. The first component focuses on the carbon cycle as affected by soil 
characteristics, climate, crop growth and, residue decomposition. The second component, 
consisting of the nitrification, denitrification and fermentation sub-models, predicts emissions 
of carbon dioxide (CO2), methane (CH4), ammonia (NH3), nitric oxide (NO), and nitrous oxide 
(N2O) from the plant-soil systems. The entire model is driven by four primary ecological drivers, 
namely climate, soil, vegetation, and management practices. 

While this model can be downloaded from the web, some inputs into the program, such as 
meteorological and soil information, require access to detailed data rather than this 
information having been programed into the model.  Other inputs into this model include 
cropping systems, tillage, nutrient management, irrigation, mulching, and grazing. Unlike 
COMET-Farm, DNDC does not account for GHG emissions from vehicles and equipment.  

APEX (https://epicapex.tamu.edu/) 

The Agricultural Policy Environmental eXtender (APEX) model is a watershed and land 
management simulation model developed by researchers at the Blackland Research and 
Extension Center and the USDA Grassland, Soil, and Water Laboratory in Temple, TX.  This 
model simulates whole farms and small watersheds. APEX has components for routing water, 
sediment, and nutrients across complex landscapes and channel systems to the watershed 
outlet.  It simulates land management impacts for small-medium watersheds and 
heterogeneous farms.  Data inputs into this model include land management strategies, 
irrigation practices, drainage, furrow diking, buffer strips, terraces, waterways, fertilization, 
manure management, lagoons, reservoirs, crop selection and rotation, pesticide application, 
grazing, and tillage. Outputs include erosion potential, carbon sequestration, runoff estimates, 

COMET-Farm and NTT are user-friendly web-
based tools that can be used by farmers to 
assess their current farming practices and 
identify other management methods to 
potentially reduce their carbon footprint and 
protect water quality. Programmers are 
currently working to integrate the GHG and 
water quality information in these two programs. 
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and air quality.  Similar to DNDC, the APEX model can be downloaded from the web, but model 
inputs require access to technical information 

NTT (http://ntt-re.tiaer.tarleton.edu/welcomes/new?locale=en) 

The Nutrient Trading Tool (NTT) is a web-based model that assists farmers and watershed 
managers determine cost-effective land management practices for enhancing water quality 
protection.  Developed by the Texas Institute for Applied Environmental Research (TIAER) at 
Tarleton State University in Texas, this model incorporates detailed hydrology and agricultural 
land-use parameters to assess water quality at the field and small watershed level. This 
program is combined with the Farm-level Economic Model, that allows users to assess the 
economic costs and returns as affected by alternative agricultural policy and practice scenarios.  

As with COMET-Farm, users identify their farm 
on a map to access embedded soil and climate 
information. They then enter cropping, nutrient 
management, tillage, irrigation, and other land 
management information to determine the 
current impact of their farming operations on 
water quality.  They can then enter alternative 
management scenarios to identify additional 
BMPs to enhance their impact on water quality 
protection.  

Researchers with Colorado State University and TIAER are currently working to integrate the 
GHG information in COMET-Farm with the water quality information in NTT to provide a 
comprehensive, user-friendly tool for ecosystem assessment. 

Are Ecosystem Service Markets Right for You? 

Ecosystem service markets prove to be a possible source of income for farmers and beneficial 
to the environment and society. However, it may not be feasible for all farmers to participate in 
them. While it would be ideal for every farmer to adopt sustainable methods regardless of 
income, the barriers to moving towards a regenerative agriculture system can be difficult to 
overcome. Farmers can’t be sustainable farmers if their farm goes bankrupt. Before enrolling in 
ecosystem service market programs farmers should consider the following: 
 

• Stability of the program and the prices paid for incentives 
• Clarity of required practices and verification processes 
• Transparency of all costs for participation, e.g. verification and aggregation fees  
• Return on farmers investment 

 
For many ecosystem service market programs, outside the NRCS programs, payments are 
primarily available at a regional level. As indicated, most of these ecosystem service markets 

Models commonly used in carbon trading 
programs are COMET-Farm and the DNDC 
simulation model.   

Models for WQT programs include the APEX 
model and NTT.  

The ESMC uses a combination of DNDC and 
NTT in their farm assessments.  
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are created by regional air and water districts and associated stakeholders. If you are a farmer 
and are interested in these regional ecosystem service markets we recommend that you 
contact your regional air, soil, and water districts or nearby river authorities to see if a payment 
program is available in your area or encourage them to start one.  
 

Chesapeake Bay Foundation https://www.cbf.org/about-cbf/ 

 

https://www.usda.gov/oce/climate_change/Quantifying_GHG/Chapter3S.pdf 

https://reader.elsevier.com/reader/sd/pii/S2212041617303327?token=EB34210035CE2C5C059
A566B8AFDB9D3B404E2AAA4359381E241290E1FFEF1981D9B0612D424B0406B7045F1ED1978
61 

 

 

How Nutrient Trading Could Help the Chesapeake Bay. A report by the World Resources 
Institute (WRI)  https://wriorg.s3.amazonaws.com/s3fs-
public/how_nutrient_trading_could_help_restore_the_chesapeake_bay.pdf?_ga=2.89350040.20994627
08.1553773531-699898517.1553773531 

 

Willamette Partnership – Water quality trading.  http://willamettepartnership.org/water-quality-
trading/ 

https://www.cbf.org/about-cbf/
https://www.usda.gov/oce/climate_change/Quantifying_GHG/Chapter3S.pdf
https://reader.elsevier.com/reader/sd/pii/S2212041617303327?token=EB34210035CE2C5C059A566B8AFDB9D3B404E2AAA4359381E241290E1FFEF1981D9B0612D424B0406B7045F1ED197861
https://reader.elsevier.com/reader/sd/pii/S2212041617303327?token=EB34210035CE2C5C059A566B8AFDB9D3B404E2AAA4359381E241290E1FFEF1981D9B0612D424B0406B7045F1ED197861
https://reader.elsevier.com/reader/sd/pii/S2212041617303327?token=EB34210035CE2C5C059A566B8AFDB9D3B404E2AAA4359381E241290E1FFEF1981D9B0612D424B0406B7045F1ED197861
https://wriorg.s3.amazonaws.com/s3fs-public/how_nutrient_trading_could_help_restore_the_chesapeake_bay.pdf?_ga=2.89350040.2099462708.1553773531-699898517.1553773531
https://wriorg.s3.amazonaws.com/s3fs-public/how_nutrient_trading_could_help_restore_the_chesapeake_bay.pdf?_ga=2.89350040.2099462708.1553773531-699898517.1553773531
https://wriorg.s3.amazonaws.com/s3fs-public/how_nutrient_trading_could_help_restore_the_chesapeake_bay.pdf?_ga=2.89350040.2099462708.1553773531-699898517.1553773531
http://willamettepartnership.org/water-quality-trading/
http://willamettepartnership.org/water-quality-trading/

